Eligible participants were aged 55-74 years and were current or former smokers with a cigarette smoking history of at least 30 pack-years. Randomization was stratified by site, sex, and age. To assess representativeness of the study population, demographic characteristics of individuals from the general population who met NLST age and smoking history inclusion criteria were obtained from the Tobacco Use Supplement of the US Census Bureau Current Population Surveys.
Lung cancer remains the leading cause of cancer-related death in both men and women in the United States (1) . Because prognosis is related to stage, there has been long-standing interest in detecting lung cancer while the disease is still asymptomatic, in the hope that it will be more responsive to treatment. Several observational studies have shown that screening by reduced dose helical computed tomography can detect smaller sized and earlier stage lung cancers than can be detected by symptoms or by screening chest radiographs (2) (3) (4) (5) (6) (7) (8) (9) . However, it is not known whether the increased detection of apparently early-stage lung cancers by computerized tomography screening ultimately results in decreased lung cancerspecific mortality. To answer this critical question, the National Lung Screening Trial (NLST) was launched on September 18, 2002 . The NLST, a randomized controlled trial designed to determine whether screening with computerized tomography could reduce lung cancer mortality relative to single-view chest radiograph screening, is a multi-institutional trial funded by the US National Cancer Institute (NCI). It is conducted through a collaboration of the NCI Division of Cancer Prevention, which administers the component of NLST known as the Lung Screening Study through a contract mechanism, and the NCI Cancer Imaging Program, Division of Cancer Treatment and Diagnosis, which funds the component administered by the American College of Radiology Imaging Network (ACRIN) through a grant mechanism.
The NLST used a 1:1 ratio to randomly assign individuals to receive either three annual computerized tomography or three annual chest radiograph screens, with follow-up for outcomes for at least 5 years after randomization. Entry criteria, as described previously in detail (10) , required subjects to be aged between 55 and 74 years and to have a minimum of 30 pack-years of cigarette smoking history at the time of random assignment. Former smokers were required to have quit within 15 years of random assignment. Current smokers were defined as those who still smoked cigarettes regularly. Recruitment was conducted by 33 medical institutions across the United States, with the goal of enrolling a sample representative of the US population at high risk of lung cancer death. Accrual was completed in April 2004, and participants currently are being followed to evaluate clinical outcomes, including vital status and cause of death. The primary 
Background
The National Lung Screening Trial (NLST), a randomized study conducted at 33 US sites, is comparing lung cancer mortality among persons screened with reduced dose helical computerized tomography and among persons screened with chest radiograph. In this article, we present characteristics of the study population.
endpoint of the NLST is lung cancer-specific mortality, and the trial has 90% power to detect a 20% mortality reduction in the computerized tomography arm relative to the chest radiograph arm. Conclusive results for the primary endpoint are expected by mid-2011. The purpose of this article was to provide a detailed description of demographic, medical, and other characteristics of the NLST study population at the time of randomization.
Participants and Methods
The study was performed after approval by an institutional review board at each institution. Written informed consent was obtained from each subject.
Recruitment Strategies
Thirty-three medical institutions participated in the NLST (Clinicaltrials.gov, NCT 00047385) and were widely dispersed throughout the United States ( Figure 1 and Table 1 ). Participants were recruited by use of techniques that included targeted mailings, local radio and newspaper advertisements, outreach including health fairs and presentations to unions and community groups, NCI and institutional Web sites, Internet-based advertising that listed toll-free numbers for the NCI's Cancer Information Service, and public service television and radio announcements. Local chapters of the American Cancer Society provided recruitment support to many sites.
Minority Recruitment Strategies
Targeted minority recruitment plans were implemented at specific sites on the basis of regional demographic data and site-specific strategies and included advertising at minority-focused conferences and events; direct mailings to minority communities; advertisements in local minority newspapers and on radio stations; use of minority "ambassadors" in community settings; dissemination of information on NLST by minority health-care providers; translation of trialrelated materials into Spanish, Chinese dialects, and Farsi; and provision of minority press kits to more than 70 media outlets. These efforts were assisted through collaboration with the NCI Cancer Information Service Partnership Program, the American Public Health Association's Black Caucus of Health Workers, the NCI Spirit of Eagles Program, and the American Cancer Society.
Enrollment and Randomization of Participants
Study eligibility, including smoking history, was assessed through use of an eligibility screener, which was administered by telephone or in-person by trained interviewers. The eligibility screener was designed to allow for the computation of number of pack-years of cigarettes smoked and determination of whether subjects smoked within the past 15 years. Randomization occurred after data coordinating centers confirmed that eligibility criteria had been met for a given individual; participants were then assigned to either the computerized tomography arm or chest radiograph arm in a 1:1 ratio, stratifying by site, sex, and 5-year age group. Stratified randomization was accomplished by use of a block size of six or eight, with block size chosen at random. At the time of the enrollment, participants filled out a questionnaire that contained questions on personal history of selected diseases, including respiratory diseases, cardiovascular diseases, stroke, and diabetes; family history of lung cancer; occupational history (jobs and industries either previously demonstrated or thought to be associated with increased risk of lung disease or lung cancer); weight and height; and demographic factors such as education and marital status. Compliance with questionnaire completion was 99.6% (53 267 of the 53 456 participants) and was similar in both study arms.
Comparison Between the NLST Population and the General Population at Risk for Lung Cancer
To assess whether the NLST population was representative of the overall US population that was likely to be eligible for the trial, we used the Census Department's Tobacco Use Supplement of the Continuing Population Survey for 2002-2004, the years corresponding to the period of NLST enrollment (11). The Tobacco Use Supplement contains questions about respondents' past and present cigarette smoking, captures demographic information and other behavioral data, and contains information on a scientifically selected, nationally representative sample of approximately 240 000 individuals. Using the responses to Tobacco Use Supplement questions, we identified the subset of respondents who were aged 55-74 years, had smoking history of at least 30 pack-years, and were either current smokers or former smokers who had quit within the past 15 years. For this subset of 9090 individuals, we
Prior knowledge
The National Lung Screening Trial (NLST) is comparing lung cancer mortality among persons who were randomly assigned to screening with reduced dose helical computerized tomography or with chest x-ray.
Study design
Baseline demographic characteristics of individuals from the NLST were compared with those from the general population who met NLST age and smoking history inclusion criteria who were selected from the Tobacco Use Supplement of the US Census Bureau Current Population Surveys. Eligible participants were aged 55-74 years and were current or former smokers with a cigarette smoking history of at least 30 pack-years.
Contribution
Characteristics of the NLST participants were compared with those of a group representing the general population. In both populations, 59% were men. NLST participants were younger than those from the general population, fewer were current smokers, and more than twice as many had a college degree or higher.
Implications
The proportion of men and pack-year history were similar between NLST participants and the groups from the general US population that met the major NLST eligibility criteria. There were differences between the two groups on age, education, and smoking status.
Limitations
Data on personal, family, and occupational history were selfreported and collected with a self-administered questionnaire.
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evaluated the distribution of age, sex, race, Hispanic ethnicity, marital status, and education, as well as smoking status (current vs former) and pack-years of cigarettes smoked. We compared distributions of participants identified through the Tobacco Use Supplement with those of NLST participants. Table 1) . As of November 30, 2009, 192 enrolled persons who were thought to be eligible at the time of randomization were determined to be ineligible. Common reasons for ineligibility included computerized tomography within 18 months before enrollment (n = 68), nonsmoker or quit more than 15 years before randomization (n = 23), participation in another cancer screening trial (n = 28), recent antibiotic use (n = 17), insufficient pack-years (n = 12), diagnosis of cancer in the 5 years before randomization (n = 14), and age older or younger than the required range (n = 12). These randomized but ineligible subjects are included in the study and in the current analysis.
Results

Study Accrual
Comparison of the Lung Screening Study and ACRIN study populations showed that the two groups were quite similar with respect to demographics: 13 630 (72%) of 18 842 ACRIN and 25 604 (74%) of 34 614 Lung Screening Study subjects were younger than 65 years and 8440 (45%) of ACRIN and 13 483 (39%) of Lung Screening Study subjects were women. A total of 9514 (50%) of ACRIN and 16 265 (47%) of Lung Screening Study subjects were current smokers.
Demographic Characteristics
Of the total of 53 456 participants, 26 733 were randomly assigned to chest radiograph screening and 26 723 were randomly assigned to computerized tomography. The distribution of sex and age by study arm is shown in Table 2 . A total of 31 533 (59%) of participants were men and 39 234 (73%) were younger than 65 years. Mean age of the entire cohort was 61.4 years (standard deviation = 5.0 years). Median age was 60 years (interquartile range = 57-65 years). Because randomization was stratified by sex and 5-year age group, the participant numbers are virtually identical within these categories across study arms.
The distribution of race, Hispanic or Latino ethnicity, marital status, educational status, and body mass index by study arm is shown in Table 2 . The distribution of these characteristics was similar across study arms. Most individuals (48 549 or 91%) in the cohort were white, 2378 (4.4%) were black, and 935 (1.7%) were of Hispanic or Latino ethnicity. Only 3252 (6%) did not have a high school degree, and 16 839 (approximately 32%) had at least a college degree. A total of 15 017 (28%) of the NLST subjects were obese by Center for Disease Control criteria (ie, body mass index ≥ 30 kg/m 2 ).
Smoking History
Details of smoking history in these subjects are presented in Tables 2 and 3 . Smoking patterns were similar across study arms. A total of 27 677 (52%) of the cohort of 53 456 participants were former smokers and 25 779 (48%) were current smokers. Among the 27 677 former smokers, 7891 (29%) reported quitting within 4 years of study entry. Smoking status showed a strong age trend, with the percentage of current smokers decreasing from 54% among those aged 55-59 years to 47% among those aged 60-64 years, 41% among those aged 65-69 years, and 38% among those aged 70-74 years. Median pack-year history of smoking was similar for current smokers (48 pack-years) and former smokers (50 pack-years). Duration of smoking was similar for current smokers and for former smokers, with a median of 43 years for both arms.
Occupational Exposure and Medical History
Information concerning work experience in occupations and industries thought to increase risk of lung disease or lung cancer is Table 1 .
shown in Table 4 . Approximately 28% of participants in each arm reported working in at least one of the listed industries and/or occupations that have been associated with increased risk of lung disease or cancer. The most common of these industries and occupations were farming (10.7% or 5699 participants), chemicals or plastics manufacturing (6.2% or 3317 participants), welding (5.6% or 2975 participants), and painting (5.3% or 2813 participants). Approximately 5% of participants had worked with asbestos. The median duration of employment was 10 years or less for each industry and occupation, except for firefighting (which was 12 years in computerized tomography arm and 11 years in chest radiograph arm). Work history differed by sex, with 11 957 (38%) of the 31 533 men vs 3048 (14%) of the 21 923 women reporting a work history in any of the listed occupations. The history of selected diseases, including respiratory, cardiovascular and malignant diseases, as well as family history of cancer, is presented in Table 5 . Results were similar across arms. With respect to respiratory diseases, 9326 (17%) of the 53 456 subjects reported a history of chronic obstructive pulmonary disease (COPD), chronic bronchitis, or emphysema and approximately 22% in each arm reported a history of pneumonia. A history of cardiovascular disease was quite common, with 18 930 (35%) reporting a history of hypertension and 6797 (13%) reporting a history of heart disease or heart attack; in addition, 5174 (10%) reported a history of diabetes.
Data on family history of lung cancer were reported by each participant (Table 5) . A family history of lung cancer (in a parent, sibling, or child) was reported by 11 621 (22%) of the 53 546 subjects, with 1748 (3%) reporting two or more relatives with a lung cancer history. This prevalence was similar in the two study arms.
Characteristics of the NLST population as compared with those of the overall NLST-eligible US population as measured with the Tobacco Use Supplement are shown in Table 6 . The NLST population was younger than the US eligible population (73% were younger than 65 years vs 65%, respectively), but the populations were similar in terms of sex (59% of both populations were men). The proportions of blacks and Hispanics were roughly similar in the two populations. NLST subjects were substantially more educated, with the percentage having less than a high school education being 6% in the NLST cohort and 21% in the Tobacco * CDC = Center for Disease Control; CT = computerized tomography; GED = General Equivalency Diploma. † Participants in the age groups of younger than 55 years and older than 74 years were ineligible.
Use Supplement cohort and the percentage with at least a college degree being 32% in the NLST cohort and 14% in the Tobacco Use Supplement cohort. NLST subjects were also slightly more likely to be married (67% vs 60%, respectively). Geographically, the NLST cohort, compared with the Tobacco Use Supplement cohort, had a greater proportion of Midwesterners (39% vs 29%, respectively) and smaller percentages of Southerners (24% vs 33%, respectively) and Northeasterners (16% vs 21%, respectively). With respect to smoking history, subjects in the NLST cohort were less likely to be current smokers than those in the Tobacco Use Supplement cohort (48% vs 57%, respectively), but both cohorts had similar median pack-years of cigarette smoking (48 pack-years vs 47 pack-years, respectively).
Discussion
The validity of a randomized controlled trial rests on the ability of the randomization process to produce study arms that are similar with regard to characteristics that are or could be related to the outcome of interest. Our analysis of the baseline characteristics of the NLST population has demonstrated that the randomization process in NLST produced two very similar groups of participants (Tables 2-5 ). For example, the distributions of smoking characteristics, past occupational exposure, disease history, and family history of lung cancer were essentially indistinguishable between the two study arms. Demographically, the baseline age and sex distributions in the two arms were virtually identical because of stratified randomization on these factors. In addition, the race, * CT = computerized tomography; ME = median exposure. ethnicity, education, and marital status profiles were similar in the two arms. It is useful to evaluate whether the results of a randomized controlled trial are generalizable to the population from which the study participants were drawn, also known as the "base population." Generalizability can be assessed in part by examining whether certain characteristics of the study sample are distributed similarly to those in the base population. To assess generalizability, we compared distributions of characteristics that are known or suspected to affect risk of lung cancer-specific death among NLST participants with those from respondents to the Tobacco Use Supplement of the Current Population Survey from the Census Department who met the NLST age and smoking eligibility criteria (11). For several key factors, including sex, race, ethnicity, and pack-years of smoking, the NLST and Tobacco Use Supplement populations were quite similar. The similarity of the percentages of black and Hispanic subjects indicated that targeted minority recruitment efforts were quite successful. Although there was no specific criterion in NLST to ensure that screening centers were selected to ensure geographic representativeness, the distribution of NLST subjects across the four regions of the country was generally reflective of the eligible population, with a modest overweighting of the Midwest and slight underweighting of the other regions. There is no reason to believe, however, that these minor geographic differences will affect findings in such a manner that results are not able to be generalized.
Research participants are often healthier than those to whom study results are to be generalized. Such a phenomenon can bias study outcomes if the fact that study participants are healthier results in a different outcome than would have been observed if the health of participants was similar to that of the base population. Distribution of certain characteristics did suggest that the NLST * COPD = chronic obstructive pulmonary disease; CT = computerized tomography. † Female participants only. ‡ A first-degree relative was defined as a parent, brother, sister, or children of an individual (National Cancer Institute-http://www.cancer.gov/dictionary/). population might be healthier than the base population. For example, NLST subjects were somewhat younger (73% were younger than age 65 years vs 65% in the base population), were less likely to be current smokers (48% vs 57%, respectively), and were better educated (6% with less than a high school education vs 21%, respectively). Whether these differences will affect the generalizability of study findings is unknown, but it seems unlikely that these relatively minor differences will result in a meaningful bias. Adjustments for such differences can be made through statistical modeling. Other randomized prevention or screening trials, such as the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial, have shown similar effects (12) (13) . For example, in the PLCO Trial, the participants were better educated than the overall eligible population (12) . NLST data collected on smoking, family history of lung cancer, occupation and/or industry experience, and specific previous diseases will be used for epidemiological analyses of lung cancer incidence and mortality. The relationship of smoking, the strongest risk factor, to lung cancer will be explored in great detail. Numerous inhalational exposures, either known or suspected to be associated with lung cancer (14) , will also be investigated. However, details of inhalational exposure were not recorded. More than 2500 of the NLST participants reported work-related exposure (median duration = 9 years) to asbestos, the environmental inhalational exposure most definitively and strongly associated with lung cancer (15) . This cohort is one of the largest groups of asbestosexposed subjects being actively followed for lung cancer (16, 17) and will permit further evaluation of the well-known relationships among asbestos exposure, cigarette smoking, and lung cancer.
A family history of lung cancer is also associated with an increased risk of lung cancer. A systematic review of case-control and cohort studies (18) indicated that the presence of a relative with lung cancer is associated with a statistically significantly increased risk of lung cancer. Risk appears to be greatest in relatives of persons diagnosed at a young age and in those with multiple affected family members. However, it remains unclear how much of this increased risk can be attributed to genetics and how much to the fact that relatives of smokers are more likely to be cigarette smokers or exposed to second-hand smoke. Twenty-two percent of NLST participants had a family history of lung cancer, and 3% had two or more first-degree relatives with lung cancer. This large cohort may permit further evaluation of the role of family history in the etiology of lung cancer. The NLST also will generate data to evaluate several medical conditions known to be associated with lung cancer. Among these conditions, the most salient is COPD (15) , present by self-report (including reports of chronic bronchitis and emphysema) in more than 9300 NLST participants. The presence of emphysema (self-reported in almost 4100 NLST participants) appears to be a greater risk factor for lung cancer than chronic airway obstruction (19, 20) . NLST ancillary studies should assist in confirming the extent of increased risk that is associated with the diagnosis of COPD and with computerized tomography-determined emphysema. Other risk factors for lung cancer present in the NLST cohort include asbestosis (reported by 533 participants), lung fibrosis (128 participants), silicosis (57 participants), and history of head and neck cancer (171 participants).
Limitations of the NLST as an epidemiological cohort include the fact that data on personal, family, and occupational history are self-reported and collected by use of a self-administered questionnaire. However, these limitations are common to most large studies of this type, and there was excellent participant compliance (99.6%) with completion of questionnaires.
We conclude that the NLST cohort is at high risk of lung cancer and is broadly reflective of the general US smoking population. The randomization process in the NLST resulted in study arms that have similar distributions of many known and suspected risk factors for lung cancer. In addition to evaluating the relative impact of chest radiographic and chest computerized tomography screening on lung cancer-specific mortality, the NLST cohort can also be used to clarify other important questions regarding lung cancer epidemiology.
